Calorimetric biosensors with integrated microfluidic channels.
A microfluidic device capable of measuring real-time enthalpy changes of biochemical reactions and thermal properties of biological fluids is presented in this paper. The device consists of a freestanding microthermopile integrated with a glass microfluidic reaction chamber. The p-type polysilicon/gold microthermopiles fabricated on a 2 microm thick thermally isolated membrane showed a sensitivity of 0.94 V/W and a thermal time constant of less than 100 ms. Although the device is not restricted to enzymatic reactions, in this paper measurements of the heat of reaction from the catalytic action of glucose oxidase, catalase, and urease on glucose, hydrogen peroxide, and urea, respectively, are reported. Reactions were performed in open air using liquid batch testing and in enclosed fluidic reaction chamber by continuous flow experiments. A sensitivity of 53.5 microV/M for glucose, 26.5 microV/M for hydrogen peroxide and 17 microV/M for urea was obtained. Detection limit for glucose in the continuous flow mode is approximately 2mM (30 pmol). The aim of this work is to demonstrate the potential of the integrated calorimetric microfluidic device for fundamental thermodynamic studies in biochemical reactions. Using arrays of such devices with immobilized enzymes multi-analyte detection can be accomplished and the effects of interferents from competing substrates can be compensated. This paper presents the design, fabrication and initial testing results from such a microthermopile-based thermal biosensor.